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VECTOR-MEDIATED GENOMIC INSERTION AND 
EXPRESSION OF DNA IN BCG 

Description 



Background 

Mycobacteria represent major pathogens of man and 
05 animals. For example, tuberculosis is generally caused 
in humans by Mycobacterium (M.) tuberculosis and in 
cattle by Mycobacterium (M.) bovis (which can be 
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transmitted to humans and other animals, in whom it 
causes tuberculosis). Tuberculosis remains widespread 
and is an important public health problem, particularly 
in developing countries. It is estimated that there are 
approximately 10. million cases of tuberculosis world- 
wide, with an annual mortality of 3 .million. Joint 
international Union Against Tuberculosis and World Health 
Organization Study Group, Tubercle , £3:157-169 (1982), 

Leprosy, which, is caused by M_; 1 ^Br ae , afflicts over 

10 million people, primarily in developing countries. 
Bloom, B, R. and T.Godal, Review of Infec tious Diseases , 
5^:657-679 (1984). M-L-£iiki££iii2£i£ mycobacteria of 

the avium- intracellulare-scrofulaceum (MAIS) group 
represent major opportunistic pathogens of patients with 
acquired immunodeficiency disease (AIDS). Centers for 
Disease Control, Morbidity and Mortal ity^Weekly Report , 
34:774 (1986). M _ jp; s e u d o t u b e r c u 1 o s _i s is a major pathogen 
of cattle . 

On the other hand, Bacille Calmette-Guerin (BCG)., an 
avirulent strain of M . bovis , is the", most widely used 
human vaccine in the world and has been used as a live 
vaccine for more_ than 50 years . .. In. the past 35 years , it 
has been administered to over 2.5 billion people, with 
remarkably few adverse effects (e. g., estimated 
mortality of 60/billion) • BCG has been found in numerous 
studies to have protective efficacy against tuberculosis. 
However, it was found not to be effective in preventing 
pulmonary tuberculosis in some trials, for example in 
Southern India. Tuberculosis Prevention Trial, Madras, 
Indian Jou rnal^ of Medical Research, 7 2 ( suppl . ) : 1 - 74 
(1980). 

Mycobacteria have been proposed for use as live 
vaccine vehicles. Genes encoding antigens from a variety 
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of pathogens can be expressed in recoiubinant mycobacteria 
such that the adjuvant properties of the mycobacteria 
stimulate an immune response to the foreign antigens 
which, in turn, provide protective immunity against these 
pathogens. Mycobacteria offer several advantages as 
vaccine vehicles . including a long record of use in . . _ 
humans with a very low incidence of complications,, 
stability in the field and single dose usage. The 
ability to manipulate the mycobacterial genome, is 
10 essential to developing this candidate vaccine vehicle. 
The ideal molecular genetic system includes a 
transformation method, vectors that can be manipulated in 
vitro, selectable nutritional and drug markers and an 
ability to replace specific, genomic DNA sequences vitzh 
15 Exogenous sequences. A means by which exogenous DNA 

" encoding a protein of interest can be introduced into the 
mycobacterial genome in place of specific genomic DNA 
sequences to produce a recombinant mycobac ter ium capable 
. of expressing the encoded protein would be very useful. 

20 Summar2_of_the_Invention 

The present invention relates to marked target . • 
strains of mycobacteria; to genetically recom- 
binant (genetically engineered) cultivable mycobacteria 
which express DNA of interest integrated into the 
25 mycobacterial genome and expressed under the control of a 
regulated promoter region; to integration vectors useful 
for the introduction of DNA of interest and a regulated- 
promoter- region into the mycobacterial genome; to a =..-. 
vector-mediated method of integrating DNA of interest and 
30 a regulated promoter region stably into the mycobacterial 
genome, to produce genetically r combinant mycobacteria; 
and to expression or vaccine vehicles which are suclx 
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recombinant mycobacteria capable of expressing the 
integrated DNA. 

The integration vector of the present invention has 
-de it possible to integrate DNA of interest into the 
genome of mycobacteria, such as Mlcobacterium_^„e£satis 
(ii^-£Hl£Sltis) and Mycobac terium b ovt.-Rrr; (bcG)" Thl" 
integration vector includes an expreslicn cassette, which 
is introduced into the mycobacterial genome by 
site-specific double homologous recombination The 
expression cassette includes DNA of interest and a 
regulated promoter region; the two components are in such 
proxxmity to one another that expression of the DNA of 
interest in the recombinant mycobacterium is controlled 
by the regulated promoter region. The regulated promoter 
region xs generally a mycobacterial ■ promoter region, but 
can also be a regulated bacterial promoter, such as the 
l^-coli lacZ promoter. For example, a heat shock protein 
promoter region or stress protein promoter region (e.g.. 
^SP70. hspeO) can be inserted into a recombinant plasmil 
vector in close proximity to the DNA of interest, such 
that translation of the gene is controlled by the 
mycobacterial promoter region and ribosome binding sites. 
DNA of interest is from a source other than the 
Mycobacterium into which it is being integrated and is 
all or a portion of a gene or genes encoding protein(s) 
or polypeptide(s) of interest. DNA of interest 
introduced in this manner is referred to as integrated ... 
DNA or integrated DNA of interest. The proteins or 
polypeptides of interest- can be . for example. - proteins_ or 
polypeptides against which an immune response is desired 
(antigen(s) of interest), enzymes, lymphokines. immuno - 
potentiators, and reporter molecules of interest in a 
diagnostic context 
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In the method of producing recombinant mycobacteria 
of the present invention, double homologous recombination 
occurs between plasmid-borne DNA sequences homologous to 
DNA sequences in the mycobacterial genome and the homolo- 
05 gous mycobacterial sequences. As a result of the recom- 
bination event, a recombinant mycobacterium is produced 
which is very similar to the corresponding unmodified 
mycobacterium. The recombinant mycobacteria includes the 
expression cassette (i.e., DNA of interest and the 
10 regulated promoter region), which is not present in the 
unmodified mycobacterium. Unlike recombinant 
mycobacteria produced by other methods, those produced by 
the present vector-mediated method do not contain vector 
DNA sequences or other sequences not normally present in 
15 mycobacteria other than those of the DNA of interest. 

The resulting recombinant mycobacteria (e.g., 
recombinant BCG , recombinant Mi_s m e^ma t i s ) are - 
particularly useful as vehicles in which the DNA of 
interest can be expressed. Such vehicles can be used, 
20 for example, as regulatable vaccine vehicles which 

express a polypeptide or a protein of interest (or more 
than one polypeptide , or protein) ,. such as an antigen or 
antigens, for one or more pathogens of interest. 

The recombinant mycobacteria can also be used. as a 
25 vehicle for expression of immunopo tentiator s , enzymes, 

pharmacologic agents and antitumor agents; for expression 
of a polypeptide or a protein useful in producing an 
anti-fertility vaccine vehicle; or for expression of 
stress proteins, which can be administered to evoke an 
30 immune response or to induce tolerance in an autoimmune 
disease (e.g., rheumatoid arthritis) . Recombinant 
mycobacteria can, for example, express protein(s) or 
polypeptide(s) which are growth inhibitors or are 
cytocid'al for tumor cells (e.g., interferon a, or f. 
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interleukins 1-7, tumor necrosis factor (TNF) a or )8) 
and, thus, provide the basis for a new strategy for 
treating certain human cancers (e.g., bladder cancer, 
melanomas). Pathogens of interest include any virus, 
microorganism, or other organism or substance (e.g., a 
toxin or' toxoid) which causes disease. the present 
invention also relates to methods of vaccinating a host 
with the recombinant, mycobacterium to elicit protective 
immunity In the host. The recombinant vaccine can be 
used to produce humoral antibody immunity, cellular 
immunity (including helper and cytotoxic immunity) and/or 
mucosal or secretory immunity. In addition, the present 
invention relates to use of the antigens expressed by the 
recombinant cultivable mycobacterium as vaccines or as 
diagnostic reagents. 

p*" The vaccine of. the subject invention has important 
advantages over presently- availahle vaccines. In 
particular, the recombinant mycobacteria described herein 
express DNA of interest as a protein product without 
extraneous or additional proteins. This differs from 
presently available vaccine vehicles in which a gene or 
genes of interest are expressed in a recombinant form 
(e.g., fusion protein). Further, mycobacteria have 
adjuvant properties among the best currently known and, 
thus, stimulate a recipient's immune system to respond to 
other antigens with great effectiveness. This is a 
particularly valuable aspect of the vaccine because it: 
induces cell-mediated immunity and will thus , be 
especially useful in providing immunity against pathogens 
in cases where cell -mediated immunity appears to be 
critical for resistance. Second, the mycobacterium 
stimulates long-term memory or immunity. As a result, a 
single (one-time) inoculation can be used to produce 
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long-term sensitization to protein antigens. Using the 
vaccine vehicle of the present invention, it is possible 
to prime long-lasting T cell memory, which stimulates 
secondary antibody responses neutraliz ing , to the 
05 infectious agent or the toxin. This is useful, for 

example, against tetanus and diphtheria toxins . pertusis. 
malaria, influenza, herpes viruses and snake venoms. 

BCG in particular has important advantages as a 
vaccine vehicle in that: 1) it is the only childhood 
10 vaccine currently given at birth; 2) in the past 40 
years, it has had a very low incidence of adverse 
effects, when given as a vaccine against tuberculosis; 
and 3) it can be used repeatedly in an individual (e . g.. 

in multiple forms). 

15 A further advantage of BCG in particular, as well as 

mycobacteria in general, is the large size of its genome 
(a:pproximately 3 x 10^ bp in length). Because the genome 
is large, it is able to accommodate a large amount of DNA 
from another source (i.e.. DNA of interest) and, thus. 

20 can be used to make a multi-vaccine vehicle (i. e., one 

carrying DNA of interest encoding protective antigens for 
more than one pathogen) . 

Brief_Descri£tion_of_the_Draw^ 

Figure 1 is a schematic representation bf the 
25 construction of a marked target mycobacterial strain. 

Figure .2 is a schematic representation of insertion 
of DNA of ■ interest, into a. marked tar get . BCG . . . 

Figure 3 is a schematic representation of vector 
PY6014. which contains the mycobacterial PyrF gene and 
30 flanking DNA sequences. 



rci/US90/03451 

I t 

r t 



05 



10 



15 



2b 



25 



30 



Figure 4 is a schematic representation of vector 
PY6015. which contains the aph gene (encodes kanamycin 
resistence) inserted at the PyrF site of pY6014. 

Figure 5 is a schematic representation of vector 
PY6016. which contains the mycobacterial PyrF gene and 
flanking DNA sequences of .pY6014 with several restriction 
sites removed. 

Figure 6 is a schematic representation of vector 
PY6017. which contains the hsp70 gene inserted -.70bp 
downstream of PyrF in pY6016. 

Figure 7 is a schematic representation of vector 
PY6018. which contains the hsp70 promoter and the HIVl 
5afi gene inserted in the hsp70 coding site of pY6017. 

Figure 8 is a schematic representation of vector 
PY6019. which contains the hsp70 pronioter and the HlVl 
Eol gene inserted in the hsp70 coding site of pY6017. 

Figure 9 is a schematic representation of vector 
PY6020. which contains the hsp70 promoter and the HIVl 
env gene inserted in the hsp70 coding site of pY6017 

Figure 10 is a schematic representation of vector 
PY6021. which contains the hsp70 promoter and the- SIVl 
EE:E gene inserted in the hsp70 coding site of pY6017 

Figure 11 is a schematic representation of vector 
PY6022. which contains the hsp70 promoter and the SIVl 
Eol gene inserted in the hsp70 coding site of pY6017. 

Figure 12 is a schematic representation of vector 
PY6023. which contains the hsp70 promoter and the SIVl 
env gene inserted in the hsp70 coding site of pYSOlJ.- 
^^iled.Descrl^t ion_of_th^^ 

«2£obacteriu5j_bovis.BCG (BCG or M^bovis-BCG) is an 
avirulent M^bovis derivative which is widely used 
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throughout the world, particularly to provide protection 
against tuberculosis. 

Because M. bovls-BCG has excellent adjuvant activity 
for induction of cell-mediated immunity, stimulates 
05^ long-term memory (immunity) and has a low mortality 

associated with its use. it is an excellent candidate as 
a recombinant vehicle for the expression of proteins of 
interest, such as a protein antigen, enzymes, 
lymphokines, and immunopotentiators . 
10 It is now possible, using the marked target strain, 

the integration vector and the method of the present 
invention, to produce recombinant mycobacteria in which 
DNA of interest and a regulated promoter region are 
stably integrated and in which the DNA of interest is 
15 expressed under the control of the regulated promoter 
region. In particular, it is now possible to stably 
introduce DNA of interest into BCG genomic DNA in combi- 
nation with a regulated promoter region, such as that of 
the heat shock protein (hsp)70 or the hsp60 promoter 
20 region. The resulting recombinant BCG has very similar 
characteristics to those of the unmodified BCG. ■ The 
recombinant genome includes the DNA of interest and the 
regulated promoter region, which are not in the 
unmodified BCG. Expression of the DNA of interest, to 
25 produce the encoded protein or polypeptide , is under the 
control of the regulated promoter region. The 
recombinant mycobacteria are useful . as expression 
vehicles, in which expression of the DNA of interest is 
under the control of the regulated promoter region and , 

30 thus, is regulatable. 

• An important feature of this system is that the 
genomic DNA of the recombinant BCG is minimally 
disrupted. DNA of interest is inserted along with the 
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regulated promoter region into a site between the PyrF 
gene and the adjacent gene, so that the expression of the 
mycobacterial genes is not affected. Thus, modified BCG 
is essentially the same as the unmodified BCG. 

The following is a description of construction of . 
marked mycobacterial target strains; construction .of . 
integration vectors useful for introducing DHA of inter- 
est into marked mycobacterial target strains; production, 
of recombinant mycobacteria having DNA of interest stably 
integrated into genomic DNA; and uses of the resulting 
recombinant mycobacteria. Although the following is 
described in terms of BCG. it is to be understood that 
the methods and vectors described can also, be used to 
produce recombinant sm e jgm a ti s , as well as other 
recombinant mycobacteria, such as: M^_av i um . M^_£h le i . 
fort ui turn, M^_lufu. M^_£ar a tuberculosis. M^_hab ana , 
££rofulaceum. M^_tuberculosis. and M^i n trace llul are . 

Figure 1 is a schematic representation of 
construction of a marked mycobacterial (BCG) target 
strain, which is the target for further manipulation 
using standard genetic engineer ing me thods . A 
recombinant plasmid containing mycobacterial . DNA in which 
the PyrF gene has been replaced with a gene encoding a 
selectable marker is used to transform M^_bovis - BCG . 
using standard methods such as electroporation, A double 
homologous recombination event, (indicated in Figure . 1 by 
two Xs) occurs, between plasmid-bprne sequences : homologous . , 
to sequences within the mycobacterial, genome . For double 
homologous, recombination to occur,, plasmid-borne. . 
sequences homologous to sequences in the mycobacterial 
genome are positioned on either side of the gene encoding 
the selectable marker. The result is a replacement in " 
the mycobacterial genome of the PyrF gene with the gene 
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encoding the selecCable marker (e.g.. aph as represented 
in Figure 1). Trans formants (i.e.. mycobacteria in which 
the PyrF gene has been replaced by the selectable marker- 
encoding gene) exhibit a change in phenotype different 
from the phenotype observed in the unmodified 
mycobacterium. Transformants are selected on the basis 
of either of these characteristics. 

The- resulting marked mycobacterial target strain is 
used as a target for further manipulation, using. known 
techniques, by which DNA of interest is integrated into 
mycobacterial genomic DNA. An integration vector such as 
that represented in Figure 2 is used for this purpose. 
The integration vector includes DNA sequences homologous 
to DNA sequences in the target mycobacterial genome. DNA 
encoding a selectable marker of mycobacterial origin. DNA 
encoding a protein or polypeptide of interest (DNA of 
interest) and DNA encoding a regulated mycobacterial, 
promoter region. The remaining sequences present in the 
integration vector are those of an appropriate plasmid 
vector (such as pUCl9). Construction of integration 
vectors of the present invention are described in detail 
below. The integration vector is introduced into, the 
marked mycobacterial target strain using standard . 
techniques (e.g.. electroporation) . A double homologous 
recombination event (indicated in Figure 2 by 2 Xs). 
occurs between plasmid-borne mycobacterial sequences, 
which are homologous to sequences in the target . 
mycobacterial genome and which flank the DNA .encodiixg a 
selectable marker of mycobacterial origin, (on, one si.de) • 
and the DNA of interest (on the other side). - The result 
is a replacement in the marked target strain of the gene 
encoding a selectable marker (in Figure 2. aph) and 
flanking sequences with DNA homologous to mycobacterial 
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sequences, the DNA encoding a selectable marker of myco- 
bacterial origin, the DNA of interest, and DNA encoding a 
regulated mycobacterial promoter region. This is 
represented schematically in Figure 2. As shown, the 
double homologous recombination event results in 
recombinant mycobacteria which have two phenotypic 
characteristics useful for identifying and selecting 
cells containing the DNA of interest and regulated 
promoter region. 

DNA of interest can be of any origin and is DNA 
which is all. or a portion of a gene or genes encoding 
protein(s) or polypept i de ( s ) of interest. The term 
polypeptide of interest, as used herein, includes all or 
a portion of a protein to be expressed. Such DNA of 
xnterest is expressed in the genetically recombinant 
mycobacteria, in which it is integrated into the 
mycobacterial genome. The DNA of interest is introduced 
xnto the marked mycobacterial target strain as a 
component of an expression cassette, which also includes 
a regulated promoter region. As a result of the double 
homologous recombination by which integration occurs 
recombinant mycobacteria contain DNA of interest, the 
regulated promoter region and components which are 

Z'ri^r — P-ding sequences present in the 

un^od.f.ed mycobacteria. For example, as shown in Figure 
2, the recombinant BCG differs from the unmodified BCG 
only by the presence of the DNA of interest. and the 
regulated promoter region. The mycobacterial genomic DNA 
has been changed (by replacement of the PyrF gene and 
flanking sequences with the aph gene and flanking 
sequences) and then "reconstructed- in such a manner that 
equivalents of the PyrF gene and flanking sequences are 
integrated, along with the expression cassette. The 
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"net" change is incorporation into the mycobacterial 
genome of DNA of interest and a regulated promoter 
region. 

The regulated promoter region present in the 
05 expression cassette can be any regulated promoter region 
functional in tnycobac teria . The regulated promoter 
region includes the transcriptional promoter and 
translational start site, including the ribosome binding 
sites. In general, the promoter region is of 
10 mycobacterial origin. However, regulated bacterial 

promoters, such as the Eu._£^li^^^^ promoter, can also be 
used. In one embodiment of the present invention, the 
regulated promoter region is a heat shock promoter region 
(hsp) of mycobacterial origin, such as the BCG hsp70 or 
15 hsp60. Use of such a regulated promoter region provides 
an important advantage to the recombinant mycobacteria; 
particularly in expression vehicles which are vaccine 
vehicles. In circumstances , such as increased 
temperature or bacterial infection, in which an 
20 individual is stressed, the hsp promoters are turned up 
and enhanced protein production occurs. In the present 
invention, this is particularly useful because expression 
of the DNA of interest is under the control of the 
regulated promoter region, which is turned up and, thus, 
25 drives expression of the DNA of interest at a higher than 
normal level.. 

When. DNA of interest is Integrated into the . - 
mycobacterial genome as a result of a single homologous 
recombination event,, plasmid DNA. and. the DNA of. interest 
30 are. integrated into the mycobacterial genome. The 

resulting recombinant mycobac terium is unstable due to 
identical mycobacterial sequences in close pr ximity to 
one another. As a result, recombination of homologoxis 
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sequences can again occur. This results in "looping out" 
(resolution), which removes the recombinant plasmid and 
DNA of interest, thus eliminating the genomic 
integration. This does not occur in recombinant 
mycobacteria of the present invention.. 

Construction of one marked BCG target strain' and of 
several plasmid vectors and integration vectors, as veil 
as integration of DNA of interest " into the marked target 
strain genomic DNA. are described below with reference to 
10 the figures. 

To produce a marked mycobacterial target strain the 
mycobacterial PyrF gene in the M^bovis -BCG genome was 
replaced with the aph gene, which encodes kanamycin 
resistance, using a plasmid vector (designated pY6015) 
containing the aph gene and capable of transforming M_ 
bovis-BCG. The PyrF gene encodes orotidine monophosphate 
decarboxylase, which allows mycobacteria to grow in 
medium lacking uracil. The normal or wild type BCG is a 
uracil prototroph (grows in the absence of uracil) and 
kanamycin sensitive and has the phenotype (URa"^. KAN^ ) 
As described in detail in the following sections . and 
represented in Figures 3 and 4. plasmid pYSGlS was 
constructed by replacing the PyrF gene in the" vector 
PY6014. which also contains sequences flanking PyrF 
(Figure 3). with an aph gene (Figure 4). Vector pY6015 
contains the aph gene flanked by BCG sequences normally - 
found flanking either side of the PyrF gene in' the: BCG 
genome. ,„ , - 

Recombinant: plasmid. pY6015 .o was used^ to transform ' 
mycobacterial cells: (e . g . . M_bovis-BCG) . using standard 
electroporation techniques, to produce a target BCG 
strain which is then manipulated, as described below to 
stably integrate DNA of interest into its genome 
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"Recognition" of homology between sequences present in 
Che plasmid-borne mycobacterial DNA sequences located on 
both sides or ends of the gene encoding a selectable 
marker (here the aph gene) and sequences in the mycobac- 
05 cerial genome (PyrF flanking sequences ) , results in 

double homologous recombination. As diagrammed in Figure 
1, the recombination event resulted in replacement of the 
mycobacterial PyrF gene and integration of the plasmid- 
borne aph gene, thus producing a "marked" BCG target 
10 strain having the phenotype (URA* , KAN^y. Electropor ated 
cells were plated onto medium which contained kanamycin 
and uracil. Only those cells which contained the. intact 
aph gene survived under these conditions. 

A second recombinant plasmid, referred to as an 
15" integration vector, was then used to introduce DNA of 
interest into the marked mycobacterial target cells, 
(here, the mycobacteria containing the aph gene). The 
integration vector used to transform the target BCG 
includes: 1) DNA sequences (referred to as plasmid-borne 
20 DNA sequences) homologous to DNA sequences in the target 
BCG genome, which are necessary for double homologous 
recombination to' occur (between plasmid-borne mycobac- 
terial sequences and DNA sequences in the marked target 
BCG- genome); 2) DNA encoding a selectable marker of 
25 my^bbacteriai origin; 3) DNA encoding a regulated 
mycobacterial promoter region to control or drive 
expression of DNA of interest; and 4) DNA of interest 
encoding a protein or ^polypeptide of interest. DNA . 
encoding a selectable marker of. mycobacterial origin. is 
defined herein as nucleotide sequences, isolated from the 
mycobacterial gen me or nucleotide sequences sufficiently 
similar to the mycobacterial sequences to enc de the same 
selectable or phenotypic characteristics, including DNA 
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sequences produced by chemical or mechanical synthesis , 
or by cloning and amplification. The target BCG cells' 
are transformed with the integration vector, using known 
techniques. The mycobacterial sequences in the 
integration vector were the same as those present in the 
mycobacterial genome. . Alternatively, they can .be 
sufficiently similar to those present in the 
mycobacterial genome to make homologous recombination 
possible. As represented in Figure 2. a PyrF gene has 
been used in combination with DNA of interest encoding a 
protein or polypeptide of interest. "Recognition" of ' 
homology of sequences present in the plasmid-borne 
mycobacterial DNA (i.e.. PyrF DNA sequences and flanking 
sequences) and identical or sufficiently similar 
sequences present in the marked target mycobacterial 
genome results in double homologous recombination between 
regions of the incoming (plasmid-borne) mycobacterial DNA 
and the genomic mycobacterial DNA. The result is 
integration of the PyrF gene and the expression cassette 
which includes the DNA of interest and the hsp 70 
promoter region, into the mycobacterial genome,- with the 
concomittant deletion of the aph gene. 

Thus, as described above, it is possible to 
integrate into the mycobacterial genome DNA encoding a 
protein or polypeptide of interest and to identify and 
select those cells which contain DNA of int eres t " s tab ly 
integrated into the genome. In addition, such DNA of 
interest is integrated into the mycobacterial' genome ac a 
selected site (i.e., PyrF gene locus). This -same . • 
approach can. of course, be used to integrate DNA of 
interest into other selected sites on mycobacterial 
genomic DNA. For example, the site chosen can be any 
gene necessary for cell metabolism. In this case, a site 
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on the genome, at which integration is desired, can be 
selected. An integration vector can be constructed, as 
described previously. The DNA of interest can be stably 
integrated into mycobacterial genomic DNA and cells 
containing- the stably integrated DNA of interest 
selected, in the same manner as described previously. 

Until the present time, it has not . been possible to 
produce recombinant mycobacterial expression vehicles in 
vhich DNA encoding a polypeptide or protein, such as one 
against which an immune response is desired, is. stably 
integrated, at selected sites and in selected orienta- 
tions, in genomic DNA. Further, according to the. method 
of the present invention, the expression of DNA of 
interest stably integrated into the mycobacterial genome 
15 is controlled by a regulated mycobacterial promoter 
region. For example, a mycobacterial promoter and 
ribosome binding site, such as a heat shock protein 
promoter region (e.g.. hsp70. hsp60) . serve as 
regulatable expression signals controlling expression of 
the DNA of interest. As- represented in Figure 6, the 
expression cassette can include a poly linker in sequences 
surrounding the mycobacterial sequences necessary for 
double homologous recombination (i.e.. the PyrF gene). 
As a result. DNA of interest can be inserted into the 
25 mycobacterial genome and mycobacterial expression signals 
will control the level of production of the protein or 
polypeptide of interest. Selection of mycobacterial 
cells in which- the. PyrF-expression cassette-DNA of 

interest combination are stably integrated can be carried 
30 out as. described previously. 

It is now possible, using the method and the 
integration vector of the present inventi n. to integrate 
DNA of interest into a cultivable mycobacterium and 
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regulate the expression of the DNA of interest. The DNA 
encoding a polypeptide or protein against which an immune 
response is sought, which is present in the integration 
vector, can be obtained by isolation of the naturally, 
occurring DNA (e.^. . f^,„ .^^e pathogenic, organism or 
. toxin-producing organism); by cloning and amplification 
of the DNA sequence of interest, using known genetic 
engineering techniques (See. for example. Maniatis. T. 
lt^_al^ Molecular Cloning: A Laboratory Manual. Cold 
Spring Harbor. N.Y. (1982).): or by mechanical or 
chemical synthesis (e.g.. polymerase chain reaction 
(PGR)). 

Similarly, plasmid-borne DNA sequences necessary for 
homologous recombination can be isolated from. a source in 
vhxch it occurs in nature, produced by means of standard 
genetic engineering techniques or synthesized chemically 
or mechanically. The characteristic which serves as the 
basis for selection of a marked mycobacterial target 
strain containing the gene encoding a selective marker 
can be., as described, drug resistance. The gene can 
encode, for example, kanamycin resistance, viomycin 
resistance, thiostrepton resistance ,. hygromycin resis. 
tance or bleomycin resistance. Alternatively, an auxo- 
trophy strategy can be used, such that selection is based 
on the ability of mycobacteria in which integration has 
occurred to survive, when grown on appropriate medium. . 

The integration vector described above, and in the 
following sections can be used to integrate; DNA of . • 
interest which encodes one or more antigens... for one- or - 
n.ore pathogens of interest into the mycobacterial, genome 
It can also be. used, by integrating DNA encoding an 
appropriate protein, such as human gonadotropin hormone 
(HGH) fragments, into mycobacteria, to produce an 
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anti-fertility "vaccine." These vectors can also be used 
to integrate DNA encoding a protein or a polypeptide 
which is a growth inhibitor for or cytocidal to tumor 
cells. The resulting recombinant mycobacteria can be 
05 used, respectively, to non- specif ically augment immune 
responses to foreign antigens expressed in mycobacteria 
and to treat some human cancers. 

As a result, it is possible to produce recombinant 
mycobacterial vaccines which can be used to immunize 
10 individuals against, for example, leprosy, tuberculosis, 
malaria, diphtheria, tetanus, leishmania. salmonella, 
schistomiasis. measles . mumps , herpes, and influenza. 
Genes encoding one or' more protective antigens for one or 
more of the disease - causing pathogens can be integrated 
15 ' into the mycobacterial genome. Of particular, value Is 
the ability to integrate genes encoding antigens of 
pathogens which require T-cell memory or effector 
function. Administration of the resulting recombinant 
mycobacterial vaccine to a host results in stimulation of 
20 the host's immune system to produce a protective immune 
response . 

Construction of a recombinant plasmid vector and 
nr2dlli-li£Il-£l-£-g^ ^ ^ my c ob a c t e r 1 a 1_ tar £e t_s t ra i n 

A marked mycdba'c terial target strain was produced to 
25 be able to introduce and express DNA of interest at a 
specific M.bovis-BCG gene locus , and to select for 
recombinant- mycobacteria in which integration; occurs y 
For example, the PyrF ge^eis a particularly useful 
genetic tool because it permits positive and negative 
30 selections and d es not suffer from several problems 

associated with drug resistance markers. For example . 
spontaneous resistance to many drugs occurs at relatively 
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h.sh frequencies in bacceri. because cf che large nu„ber 
of different outacicns thac can affect cell permeablllr, 
to drugs. Further, It is often undesirable in 
potentially pathogenic organises, or in candidate live 
vaccines to have a drug resistance .arker present in the 
vaccine, vehicle. . 

In the method of the present invention, a marked 
mycobacterial target strain is produced in which the 
normal mycobacterial PyrF gene is replaced with a 
Plasmid-borne aph gene. A starting plasmid. pY6014 was 
produced by cloning the entire BCG PyrF gene and flinging 
DNA sequences (^0.5-1.5 kb on either side) into pUC19 
(Figure 3). Subsequently, the PyrF gene was replaced 

PY6015. Normal mycobacterial cells are uracil 
prototrophs (URa"^) and kana.ycin sensitive (KANS^) The 
PY6015 vector contains the aph gene inserted between .he 
BCG PyrF flanking sequences. This vector was used to 
transform BCG cells to produce a marked mycobacterial 
target strain (i.e.. BCO cells in which the aph gene, has ■ 
been inserted into the genome). a double homologous 
recombination event, indicated in Figure 1 by two Xs 
occurs between the plasmid-borne mycobacterial sequences 
homologous to sequences in. the mycobacterial genome 
(^.e.. PyrF flanking sequences). The result is a 
replacement of the mycobacterial PyrF gene with the aph 
gene which encodes kanamycin resistance. As a result of 
the recombination event, the transf ormants have a 
distinctive double- phenotype.. The marked target BCg"^' 
straxn are uracil auxotrophs. (tjra') and kanamycin 
resistant (KAN ). Thus, mycobacteria that have undergone 
gene replacement can be directly selected by plating 
transformants on medium containing kanamycin and uracil 
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or alternatively, on medium containing 5 - fluoro - orotic 
acid (FOA) and uracil (the loss of the PyrF gene produces 
cells that are resistant to FOA) . 

Construction of an integration vector containing a 
05 r^f^""' ^^^'^ m vcobacteria i:£romoter^d_DNA_of_ljTte^ 

As described above .- a recombinant, plasmid vector , 
PY6014, was produced by inserting the mycobacterial PyrF 
. gene and flanking mycobacterial DNA sequences into pUCl9. 
In order to insert DNA sequences of interest in a precise 
10 _ location and particular orientation, several restriction 
sites on the pY6014 vector as well as the original pUC19 
polylinker were removed. The pY6014 vector was digested 
with Kpnl and Hindlli; blunt ended and self-ligated to 
produce plasmid vector pY6016 (See Figure 5). 
15 The first third of the M^_tuberculosis heat shock 

protein hsp70 was inserted 106 nucleotides downstream of 
the. PyrF gene in the pY6016 vector. The hsp70 DNA 
isolated from M^_tuberculosis is identical to the 
bovis-BCG hsp70 DNA. Approximately 1.8 kb of hsp70' DNA 
20 was cloned into the Hpal site of the pY6016 vector to 
produce the pY6017 vector (See Figure 6). In this- 
configuration, the Ncol restriction site overlaps the 
sequence ATG , which is the start codon, initiating hsp70 
protein synthesis. The polymerase chain reaction (PGR) 
25 method was used to produce DNA of interest in an 

orientation which covers the start codon. thereby driving 
expression of . the DNA of . interest from the /native start 
sequence. The hspTO coding sequence was replaced with 
DNA of interest/encoding a protein or polypeptide of 
30 interest with the result that the hsp70 promoter and 
ribosome binding site drives the expression of the 
protein or polypeptide of interest. 
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The pY6017 vector containing the hsp70 gene was 
first digested to completion with Kpnl or Xbal, then 
subjected to a Ncol partial Xbal digest. This digest was 
run on a gel to purify the linearized vector which lacks 
the hsp70 coding sequence. The DNA of interest was 
synthesized using PGR, and cloned into the Ncol 
partial-Xbal digested pY6017. Six vectors were produced 
with DNA of interest in the hsp70 coding sequence. The 
plasmid vector pY6018 contains the HIVl ^ag gene, 
synthesized as a 1500 bp Ncol-Xbal fragment using PGR; 
PY6019 contains the HIVl £ol gene, synthesized as a 2720 
bp Ncol-Xbal fragment using PGR; pY6020 contains the HIVl 
env gene, synthesized as a 2570 bp Ncol-Hbal fragment 
using PGR; pY6021 contains the SIVl ^a^ gene, synthesized 
as a 1520 bp blunt-Kpnl fragment using PGR; pY6022 
contains the SIVl ^ol gene, synthesized as a 3.125 bp Smal 
fragment using PGR; and pY6023 contains the SIVl env 
gene, synthesized as a" 2750 bp Smal-Xbal fragment using 
PGR (See Figures 7-12). 

Transformation of the marked mycobacterial target strain 

-i-£^i-£^°Sbinant_£Usmi^_vector_and^^ 

Standard techniques such as electropora t ion can be 
used to introduce the integration vector into the marked, 
mycobacterial target strain (i.e.. recombinant mycobac- 
teria containing a selectable marker). As diagrammed in 
Figure 2, marked BCG cells can. be transformed with the . . . 
integration vector, under conditions appropriate . for .• .. 
double homologous! recombination, to-.occur . between . 
plasmid-borne sequences (i.e.. the PyrF gene . homologous 
mycobacterial sequences flanking the PyrF gene and the 
DNA of interest. hsp70 promoter and DNA of interest) -and 
homologous sequences in the marked target BGG genome. 
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The result is integration of the incoming PyrF-hsp70 
promoter-DNA of interest combination and deletion of the 
aph gene in the marked target BCG . Mycobacterial cells 
containing the PyrF gene . the hsp70 promoter, and DNA of 
P5 interest can be selected by culturlng the electroporated 
cells on uracil- containing medium. Only those cells in 
which integration of the PyrF gene occurs survive. 

An important advantage of the method of the present 
invention, which is illustrated in Figure 2, is that 
10 integration of the DNA of interest occurs without 

concomitant integration of plasmid DNA into the genome. 
That is, except for the DNA of interest, the net effect 
is that sequences which are not normally present in 
mycobacteria (i.e. , plasmid sequences) are not present in 
15 the recombinant mycobacterial cells. 

Overview of uses and advantages of integration vectors 

±Il--E£]^^l£^£-£i-^^^-£----" ^ ^ "Y tILt io n 

There are numerous uses for and advantages of the 
integration vector of the present invention. Several of 

20 these are described below, as is the use of the inte- 
gration vector in constructing expression or vaccine : 
vehicles. As a result of the present invention, DNA of 
interest is integrated into the mycobacteria genome and 
expression of the DNA is regulated with a mycobacterial 

25 promoter. New genetic approaches to understanding 
questions of disease, pathogenesis are now available. 
Using the integration vector, it should be possible. to - 
insertionally mutagenize and mark genes of pathogenic - • 
mycobacteria, by homologous recombination, with the aim - 

30 of identifying specific genetic functions required for 
virulence and pathogenesis. For example, using this 
vector and mycobacteria (e.g., Mj_s megma t i s , 
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bovis-BCG). Virulence genes of M^_tuber culos i s or M_ 
lefirae can be identified and diagnostics (diagnostic 
tests) developed. By specifically deleting or replacing 
chose genes, it may be possible to develop a more 
05 specific and effective attenuated vaccine against 
tuberculosis than the current M^bovis-BCG vaccine 
Alternatively, as specific protective antigens for 
tuberculosis and leprosy are identified by study of 
antigens recognized by T. cells from resistant 
individuals, it will now be possible to introduce and 
express them in currently existing M,.bovis-BCG. vaccines. 

Overview of uses and advantages of recombinant 

SZ££bacjter i.a 

The method of the present~;;r;;~~7~~~~- . 
construct a genetically recombinant mycobacterial vehicle 
for the expression of the protein(s) or polypeptide (s ) 
encoded by DNA of interest incorporated into the 
Mycobacterium. Such genetically recombinant mycobacteria 
nave many uses . 

20 Vehicles of the present invention can be used for 

example., as vaccines to induce immunity against the 
pathogenic antigen encoded by the DNA of interest 
A pathogen is any virus, microorganism, or other organism 
or substance (e. g.. toxins) which causes disease A 
25 vaccine vehicle useful for immunizing against, leprosy can 
'be made. Because of the extraordinary adjuvant, act ivi ty 
of mycobacteria.. such as BCG . such a vaccine would be 
effective in producing cell -mediated immunity., particu- 
larly of a long-term or enduring nature. Genes encoding 
30 protein antigens of the leprosy parasite leprae have 
been isolated by Young and are described in detail in 
co-pending U. S. Patent Application Serial No. 892 095 




~ filed July 31, 1986, the teachings of which are in- 
corporated herein by reference. In particular, genes 
encoding five immunogenic protein antigens (i. e., 
antigens of molecular weight 65kD. 36kD. 28kD. 18kD and 
05 12kD) have been isolated. In addition. 6 different 

epitopes encoded by the gene for the 65kD antigen have 
been defined. At least one of these epitopes has been 
shown to be unique to M. leprae; the other epitopes have- 
been shown to be shared with the 65kD proteins of other 

IQ mycobacteria. 

Through use of the integration vector of the present 
invention, it is possible to integrate into the BCG 
genome one or more of the g4nes encoding Mi_li£Xae 
protein antigens, using methods described above and in 
15 the following examples. The genes encoding the HIVl and 
the SIVl gag. Eol, and env proteins have been cloned into 
plasmid vectors, to be introduced into marked target 
bovis-BCG cells using the techniques described above. In 
this way, it is possible to construct a vaccine which is 
20 close to ideal, in that it contains one or more 

protective antigens of HIVl or SIVl, does not have 
tolerogenic determinants and has an excellent adjuvant 
for inducing cell-mediated immunity. 

In a similar fashion, it is possible, to construct a 
25 vac-cine, using an integration vector and the method of 
the present invention, to provide specific protection 
against tuberculosis. Genes encoding immunogenic, pr otein 
antigens of the tubercle bacillus. M,_tuberculosis have 
been isolated and are described in co-pending U. S. 
.30 patent application Serial No. 07/010,007. entitled "Genes 
Encoding Protein Antigens of Hycobacterium Tuberculosis 
and Uses Therefor", by Robert N. Husson and Richard A. 
Young, filed February 2, 1987 (now abandoned), and in the 
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continuation-in-part application. Serial No. 07/154 331 
(filed by the Express Mail procedure February 10 1988)' 
entitled "Genes Encoding Protein Antigens of Myco- 
bacteriu. Tuberculosis and Uses Therefor", by Robert N 
05 Husson. Richard A. Young and Thomas M. Shinniclc. the ' 
_teachings Of Which are incorporated herein by reference 
I In., this case, a gene encoding an immunogenic protein 

antigen of M._tub,r,,l^i, is integrated into a marked 
target BCG by means of an integration vector as 
10 described above. it is also possible to. int:grate more 
th n one .^^_tub,r^^^^^ ,ene . each encoding a protein 
antigen, into the BCG genome. For example, a gene 
encoding immunogenic M^_tuberculosis antigens of 
molecular weight 121cD. 141cD. 19kD. 6 51cD. and 711cD . or a 
15 combination of two or more of these genes under the 
control of regulatated mycobacterial promoter region 
such as a heat shock protein promoter region or streis 
protein promoter region, can be inserted into an 

20 dTT''': — ci into the genomic 

20 DNA of marked target BGG and expressed. The result is a 
vaccine which is specific for immunization against 
tuberculosis and which induces long-lived immunity 
against the bacillus. 

25 anti "^^^^ -P"- a pro tein . antigen or 

"^'"'^ sporo.oites. malaria merozoites. 

ell r'\""''' '"^""^ '-'-'''^ Leishmania. salmon, 
ell.a. M2cobacterium__africa^ Mycobacterium - 

iHl are . Mzcobacterium_a3^um . tr eponema . ^ per tus s i:7h:;:;:s 
virus, measles, virus, mumps.. Shigella. Neisseria 
30 Borrelia. rabies, polio virus. HIV.l. Simian immuno- 
deficiency virus, snake venom, insect venum or vibrio 
cholera can also be produced in the same manner 
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It is also possible, using the method of the present 
invention, to construct a multipurpose or multifunctional 
vaccine (i.e., a single vaccine vehicle which contains 
and expresses DNA of interest which includes more. than 
05 one gene, each gene encoding a protein antigen for a 
different pathogen or toxin). For example, it is 
possible to integrate into the BCG. genome, using the 
integration vector described, a gene encoding a protein 
antigen for M^leRrae, a gene encoding a protein antigen 
10 for tuberculosis, a gene encoding a protein antigen 
for Leishmania. and a gene encoding a protein antigen for 
malaria. Administration of this multi-valent vaccine 
would result in stimulation of an immune response to each 
antigen and provide long-term protection against leprosy. 
15 tuberculosis, leishmaniasis, and malaria. 

The recombinant mycobacteria can also be used as an 
anti-fertility "vaccine" vehicle. For example, 
mycobacteria containing DNA encoding proteins such as 
human gonadotropic hormone (HGH) fragments . can be used 
20 as an anti - f ex til ity vaccine and administered as a birth 
control agent. Vaccine vehicles of the present invention 
can be used to treat human cancers, such as bladder 
cancers or melanomas (e.g., by expressing growth 
inhibitors or cytocidal products). In this context, 
25 recombiiiant mycobacteria which contain and express 
interferon a, p and/or 7. one °^ interleukin 
(interleukins 1-7) and/or TNF a or ^ are particularly 
useful. In another application, recombinant mycobac teria 
can be used to express stress proteins, either for-the 
30 purpose of eliciting a protective immune response (e.g., 
against subsequent or long-term infection) or for the 
purpose of inducing tolerance in an autoimmune disease 
(e.g.. rheumatoid arthritis). Stress proteins, such as 
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those described in co-pending U S n.^ 

Serial No 207 2QS !• , ^ -PPlication 

•'U/,298, entitled Stres.; pv«». • 
Theref«>-<. v *cress Proteins and Uses 

05 their llr^ lo"" ; ^''^ ' ^ 

bp Ion ^ Senome is about 3x10^ 

bp long), mycobacteria can accommodate laree . 

DNA of interp^,- ^ ^ «tiate large amounts of 

10 can b!':::"r;::r""r" " p-^n. 

«i»eQ CO produce po 1 voen ti r^o / o \ ^ . 
" those involved In 3^.^=11^ -ch 
all ^""'I'i synthesis. In this case 

: CO ao:e:::r::r '^v - 

15 provide a valJhl. 1 : mycobacteria , 

"-a synthesLe^s't:::::;^ ^"'^ 

CO e.p:.::';' " = o.hinant .ycohacte.ia 

i-lu a i" hf " ''"^^^^P"^^. ^c is possible to 

in the integration vector hma 
20 sequence and, thus provld encoding a signal 

expressed p.„t.i„ l/^Z^^^^ ""^ 

than secreted at La' " i ^ " 
signal sequence fro. . • " example, the 

«ycoha=teria couH h """'^ 

tstia, could be used A^^oT.«^^• , 

23 sequence for , - g.lac tosidase , t a se T T "^"^^ 
be used. agarase or a amylase could. 

The present invention viU now be illustrated K . 
following examples whi .-h illustrated by the 

ll.l"„g i„ any.„::. - "ered .. , 
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Example 1 Construction of a recombinant plasmid for 
introduction of the Kan gene into M 
bpvis -BCG_ and of _ a_ marked target^ BCG 

The DH5a bacterial strain was used to prepare a 
05 recombinant plasmid. (Bethesda Research Lab, Har'yland) , 
M_^bovis-BCG (Moreau) genomic DNA was prepared by 
standard procedures. 

The starting vector pY6014 was produced by inserting 
a Sacl partial - EcoRI 4510 bp fragment cloned from pY6013 
10 into pUC19 DNA. digested with Sacl and EcoRI. (See 

Figure 3) The pY6011 plasmid was obtained by inserting a 
5610 bp EcoRI fragment from Y3330 into EcoRI digested 
pGEM-TZf"** (Promega Biotech) • Y3330 is a Agtll clone from 
a Agyll library of BCG DNA, obtained by screening the 
15 library with a fragment of the BCG PryF gene. The pY6014 
contains the mycobacterial PyrF gene and 1.4-1,6 kb of 
flanking mycobacterial DNA on either side of the PyrF 
gene . 

The aph gene which encodes kanamycin resistance was 

20 obtained from pY6005 and inserted in the pY6QlA 

recombinant plasmid to replace the PyrF coding sequences, 

R 

using standard techniques. (pY6005; (Kan ) kanamycin 
resistance cartridge derived from Tn903 was inserted In 
pUC4 Sad, a derivative of pUC4 with pUCl replacing the 
25 Sad site in the* polylinker). The aph gene was cloned 
into Hindi 6,1 kb fragment from pY6014, as a BamHI 
filled in fragment from -pY6005 . This produced the 
recombinant plasmid pY6015; which was used to produce the 
marked target BCG strain. (See Figure 4) 
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I-lation_of_.arked_tar£et_BCG_con^ ,he Kan ^ene 

As diagrammed in Figure 1. a marked target BCG 
straxn was produced by transforming BCG vith the 
recombinent plasmid- pVeOlS discribed above This 
05 procedure. was performed as follows: BCG cells were grown 
. m suspension culture at optical density (OD) o" 5 
concentrated 50 f old in electroporation buffer PSB 
(phosphate sucrose buffer) and transferred . to a curvette 
After addition of 10 pg of plasmid DNA . one electrical 
10 pulse Of 6.250 V/cm and 25 ,F was given and the cells 
were resuspended in 10 ml medium, grown at Z7'C for 2 
hours and plated. 

Marked target BCG were isolated by plating the 
transformation on Middlebrook 7H10 agar plates containing 
15 20 ;xg/ml kanamycin and 1 mg/ml FOA. 

Example 2 Construction of an integration vector for 

introduction of DNA of interest into marked 

£SI£et_M_^bovisj^BCG 

An integration vector ca?^h7e~t~7a7rflr7iZ7~tre~ 
20 .ark d ..,,et BCG (produced in Example 1) was engineered 
whxch contained the mycobacterial PyrF gene. DNA 
sequences homologous to sequences flanking mycobacterial 
PyrF sequences necessary for homologous recombination . 
the mycobacterial hsp70 promoter and DNA of interest ' 
25 (i.e.. the HIVl or SIVl ^ or env gene). This 

procedure is described below and diagrammed in Figure 2 

The recombinant. vector PY6014. described in Example 
1. -l^ich contains :the mycobacterial >yrE gene and L 
flanking DNA sequences wks digested with. Kpnl and . ' 
30 Hxndlll. blunt ended and self-li,.,ed to produce the 
vector PY6016. ( See Figure 5 ) . This procedure was 
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performed according to standards procedures. This 
results in the removal of several restriction sites 
present in pY6014 located in the original polylinker DNA 
s equence , 

05 The hsp70 M^tuberculo s is EcoRI-Hindlll 1.8 kb 

filled in fragment was obtained from Y3334 (an M13 mpl8 . 
phage containing the EcoRI - Kpo. 1 . 8 Kb fragment from , 
Xgtll clone YSlll which was obtained by screening a Xgtll 
library of M. tuberculosis DNA with antibodies against 

10 the 70 kDa antigen), and cloned into the Hpal site of 
pY6016 (106 bp downstream of PyrF) using standard 
procedures . 

As shown in Figure 6, this results in the 
recombinant plasmid pY6017 . which contains the hsp70 

15 promoter and partial coding sequence as well as 

mycobacterial (BCG) flanking sequences necessairy for 
double homologous recombination with the marked target 
BCG produced in Example 1. Using this vector (pY6017). 6 
integration vectors were produced having DNA encoding the 

20 HIVl gajs, £ol or .env gene or the SIVl £ag, £ol or env 

ene. Each of these vectors was produced by the following 
procedure in which the hsp70 coding region was replaced 
with the DNA of interest. 

Insertion of DNA of inter est_in_£Y6017 

25 The Ncol site in the hsp70 insert is at the ATG of 

hsp70.gene. DNA encoding a gene. of interest was. cloned 
into this vector (pY6017) using a polymerase chain . 
reaction (PGR) on the.gene of. interest as template. The 
two oligonucleotides used in the reaction- contain at the 

30 two ends two convenient restriction sites (in this case, 
Ncol for the oligonucleotides at the 5' end of the gene. 
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and one of the sites of the polylinker f 

cleotides at th. . . P°iylxnker for the oligonu- 

the 3' end of the gene). The PGR n.«^ 
was digested w,-t->, . ^ y . ine PGR product 

&<=ai.ea with the two enzvmi><! r.u^ 
nucleotides ..H . ^n^ymes chosen for the pligo- 

^eotldes and gel purified. The vector r... 
05 completion with one of th« . '"^ 

CKpnI. Xhal) . I^r2r7^'' '-''''''^^^ 

CO partial digestion with Ncol Tf m t 
. was presen^ "coi. if Ncol 

prior to digestion with the Kpnl or yKot 
,10 th. 3- end enzyme. . ' ^"'^ "1"='' 

pro J!:/'""'"' "co.M„a„. pus„,d v.c.o„ „e.e 

P"01S: ..e „„1 ,e„e ... .y„.Hesi„d as . ,500 

Ncol-Xbal fragment ustng POR . 
15 . ing rcR and cloned into 

Ncol partxal-Xbal digested pV6017 (See Figure 

PV6019: the HIVl ^,1 gene .a. syntheaited as a 2720 ho 

Ncol.Xbal frag.ent uaing POR and 

° ^'■'•S '•OR and was inserted 

-to Kool p.rtlal-Xbal digested py6017 (See 

^ figure 8) 

the HIVl env gene was synthesized as a 2570 hn 
Ncol-Xbal fragment usin^ Prp . ^ 
into N 1 ^ PGR and was inserted 

xnto Ncol partial-Xbal digested py6017 (See 

Figure 9) . ^ 

the SIVl ,e„e was synthesized as a 1520 bp 

n^o"'; *=r' "^'"^ d 

PY6017 (S •'P-l «S«ted 

PY6017 (See Figure 10) 

Seal fragment using POR .„d was inserted into 
»col partial-Xbal digested and filled in p„o\, 
(See Figure 11) Piowi/ 



PY6020: 



25 py5021: 



PY6 02 2 
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PY6023: the SIVl env gene was synthesized as a 2750 bp 
Smal-Xbal fragment using PGR and was inserted 
into Ncol partial filled in and Xbal digested 
pY6017 (See Figure 12) 



wwj^y/U^^ri ■ ■ i 
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15 
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A recombinant mycobacterium comprising DNA of 
interest and a regulated promoter region, said DNA 
of interest -nid i^aid I^romoter region stably 
integrated into the genomic DNA of said 
Mycobacterium in such a manner that expression of 
said DNA of interest is under the control of the 
regulated promoter region. 

A recombinant mycobacterium of Claim 1 which is 
recombinant BCG; the DNA of interest encodes a 
protein or polypeptide of interest selected from the 
group consisting of: antigens, enzymes, 
lymphokines. immunopotentiators and reporter 
inolecules; and the regulated promoter region is a 
mycobacterial promoter region. 



A 



recombinant mycobacterium of Claim 1. which is 
selected from the group consisting of: 

a. M^co ba c ter ium_ smegm at i s : 

b . Mi c o ba c t eri um_bov i s -BCG; 

c. Mycobacterium avium: 

d. Myc ob ac ter ium_£hl e i ; 

e. Mycobac terium_f o r tu i turn : 
M ycobact erium 

g. Mycobacterium_£aratuberculos^ 

^' Myc obacte rium HaK^w^n; 

i . Mycobac terium se roful aeeum ; 

j . Mycobacteri um tntr aeellulare ; 

k. Mycob acteri^_tuberculo sis; and 

1- any genetic variants thereof. 
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5. 

05 



Recombinant BCG comprising DNA of interest and a 
regulated mycobacterial promoter region. 

A recombinant mycobacterium of Claim 2 wherein the 
regulated mycobacterial promoter is a heat shoclc 
protein promoter region. 

6. A vaccine comprising the recombinant mycobacterium 
of Claim 1 and an appropriate carrier. 

7 An integration vector comprising: 

a) DNA sequences homologous to DNA sequences xn 
10 the mycobacterial genome; 

b) DHA encoding a regulated mycobacterial proznoter 

region; 

c) DNA encoding a selectable marker of 
mycobacterial origin; and 

15 d) DNA encoding at least one protein or at least 

one polypeptide to be expressed in mycobacteria. 

8. An integration vector of Claim 7 wherein the 

regulated mycobacterial promoter region is a heat 
shock protein promoter region. 

20 9. An integration vector of Claim 8 wherein the 

regulated mycobacterial promoter region is the hsp70 
promoter region. 

10. An integration vector of ciai^ T whereinjthe protein 
or polypeptide of interest is selected from tHe 
25 group consisting of: antigens, enzymes, 

lymphokines, immunopotentiators and reporter 

molecules. 
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1- An integration vector of Clai. 10 wherein the 

protein or polypeptide is selected fro. the group 
consisting of: HIV ,ag. HIV ^ol. „iv env. SIV ' 
SIV 201 and SIV env. ' 



05 12 



10 



A Method Of i.„„„ut„, , .,..,ua„ ho„ agalLt on. 
or more pathogens, co-prlslng ad.I„i„.ring to said 
host a recombinant mycobacterlu.. said recombinant 
"ycbactertu. having stably integrated into its 
Seno.e a, DHA of interest encoding at least one 
protein antigen for each of said pathogens, and h, 
MA encoding a regulated .ycoba.cterial promoter 
reg.on m such a manner that expression of said DNA 
Of interest is under the control of the . regulator 
mycobacterial promoter region. 

15 13. A method of ria-j™ i o v . 

<^ Of Claim 12 wherein the recombinant 
mycobacterium is selected 

of. selected from the group consisting 

a. tl^c o b ac t e r i U3_s m e^ma t i s ; 

b. M CO ba c te r i um bovis-BCR; 
^° ^' ^^i^^££Cerium_avium; 

d. ^2£° b a c t e r i um_£h 1 e i ; 

e . o b a c ter i um_f o rtu it urn ; 

f. ii2£ob a cte ri um_ 1 uf u ; 

g- ^^^t5ctertua_£ar a tuberculosis; 

^' -2£ob a cteri um_hab ana ; 

i. ^l2££bacteriAim_^croful^ceum; 

J . Mzcobaeteri um int raeellm . ; ; • 

^' M j^cobaete rltrn. t u b e r c u 1 o s i s ; I„d 

^- any genetic variants thereof. 
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14. A method of Claim 13 wherein DNA of interest encodes 
at least one protein antigen selected from the group 
consisting of: 

a) antigens selected from the group consisting of: 



05 


1. 


Mycobacterium leprae antigens; 




.2 . 


MYCobacterium tuberculosis antigens; 




3 . 


malaria spprozoites; 




4 . 


malaria merozoites; 




5 . 


diphtheria toxoid; 


10 


6 . 


tetanus toxoids; 




7 . 


Leishmania antigens; 




8 . 


Salmonella antigens; 




9 . 


Mycobacterium africanum antigens; 


— ■ . 


10 . 


Mycobacterium intracellular e antigens ; 




11 . 


Mycobacterium avium antigens; 




12 . 


Treponema antigens; 




13 . 


Pertussis antigens ; 




14 . 


Herpes virus antigens; 




i. ^ • 


MpAcles virus antic ens: 


20 


16 . 


Mumps virus antigens ; 




17 . 


Shigella antigens; 




18 . 


Neisseria antigens; 




19 . 


Borrelia antigens; 




20 . 


rabies antigens; 


25 


21 . 


polio virus antigens; 




22, 


Human immunodeficiency virus antigens ; 




23 . 


isnake venom antigens; 




; :24. . 


insect venom antigens ; and 




25. 


vibrio ; cholera 



b) steroid enzymes; 

c) interleukins 1 through 7; 

d) tumor necrosis factor a and ^; 

e) interferon a, ^ and 7; and 
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15 



f) reporter molecules selected from the group 

consisting of luciferase; .^-galactosidase ; ^ 
glucuronidase and catechol dehydrogenase. 

15. A method of making a vaccine for immunization . o f a 
aammaUan host against one or. more pathogens,- 
comprising : 

• a) transforming mycobacteria with a recombinant 
plasmid comprising: 

1) DNA encoding a selectable marker; and 
^° sequences homologous to DNA sequences 

in the mycobacterial genome; 
under conditions appropriate for double 
homologous recombination to occur between 
plasmid-borne mycobacterial sequences 
homologous to sequences in the mycobacterial 
genome, thereby producing target mycobacteria 
cells; and 

b) transforming the target mycobacterial cells of 
(a) with an integration vector comprising: 

°^ interest encoding at least one 
protein antigen for each of said 
pathogens; 

2) DNA encoding a selectable marker of 
mycobacterial origin; 

" ^^^^"'^^ding a regulated mycobacterial 

promoter region capable of regulating the 
expression of said DNA of. interest; and 
4) DNA sequences homologous to DNA..sequences 

in the target mycobacterial . genome . 
under conditions appropriate for double' 
homologous r.ecombinantion to occur between 
plasmid-borne mycobacterial sequences 
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homologous to sequences in the target mycobac- 
terial genome, thereby producing a recombinant 
myc ob ac ter ium . 

16. A method of Claim 15 wherein the DNA of interest 

encodes at least one protein antigen selected from 
the group consisting of: 

a) antigens selected from the group consisting of: 
1 . Mx c o b a c t e r i um_ 1 e £r a e _an t i g e n s ; 
2 . Mxcob ac te r ium^tube r cul^ ant i gens ; 

3. malaria sporozoites; 

4. malaria merozoites; 

5. diphtheria toxoid; 

6. tetanus toxoids; 

7. Leishmania antigens; 

8. Salmonella antigens; 

9 . Mxcobac ter ium_af r icanum ant i gens ; 

10. MY£obacterium_intracel^ antigens; 

11. Mxc o b a c t e r i um_a vi^um antigens; 

12. Treponema antigens; 

13. Pertussis antigens; 

14. Herpes. virus antigens; 

15. Measles virus antigens ; 

16. Mumps virus antigens; 
^ " 17. Shigella antigens; 

18. Neisseria antigens; 

19. Borrelia antigens; 
.:20. rabies .antigens ; 

21. polio: virus antigens; 

22. Human immunodeficiency virus antigens; M 

23. snake venom antigens; 

24. insect venom antigens; and 

25. vibrio cholera 
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^) steroid enzymes; 

c) interleukins 1 through 7; 

tumor necrosis factor a and fi- 
^) interferon a. and 7; and 
> reporter molecules selected from the group 

consisting Of luciferase; .-galactosidase , 
glucuronidase and catechol dehydrogenase. 

A method of Claim 15 wherof^ 
„„„ V wtierem the regulated 

mycobacterial promoter region is a hea. k . 
Drot*.4r, « shock 
protein promoter region. 

A method Of integrating into a mycobacterial 
DNA encoding a i^ror.- mycobacterial genome 

exore. / VP^^texn or a polypeptide to be 
expressed in the mycobacter iu™ 

of: ■ ''"^"i^m. comprising the steps 



a) 



piasmid comprising: 

1) DNA encoding a seleet^M.. 

^ - ^ selectable marker; and 

^) DNA sequences homologous to 

wiogous to sequences in 

mycobacterial genomic DNA 
under conditions appropriate f:r double 
homologous recombination to occur between 
Plasmid-borne mycobacterial sequences 
homologous to sequences in the mycobacterial 
Senome. thereby producing a target 
mycobacterial cells; 

" Z'T.TZ TT produce. 

; 

°' ZTiTT::. — c".,,, 

"Ith.an .„t.gr.tl„„ vector. c,„prisl„g: 
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1) DNA sequences homologous to DNA sequences 
in the target mycobacterial genome; 

2) DNA encoding a selectable marker of 
mycobacterial orgin; 

05 3) DNA encoding a regulated mycobacterial 

promoter region; and 
4) DNA encoding the protein or polypeptide to 

be expressed, 
under conditions appropriate for double 
10 homologous recombination to occur between 

plasmid-borne mycobacterial sequences 
homologous to sequences in the target 
mycobacterial genome, thereby producing 
recombinant mycobacteria containing DNA of 
interes t ; and 
d) selecting recombinant mycobacterial cells 
produced in (c) in which double homologous 
recombination has occurred. 

19. A method of Claim 18 wherein the protein or 

20 polypeptide of interest is selected from the group 

consisting of: antigens, enzymes, lymphokines, 
immunopotentiators and reporter molecules. 

20. A method of Claim 18 wherein- the regulated 
mycobacterial promoter is a heat shock protein 

25 promoter region. 

21. A method of immunizing a mammalian host against one 
or more pathogens , comprising administering to said 
host a recombinant mycobac ter ium , said recombinant 
mycobacterium having stably integrated into its 

30 genome a) DNA encoding at least one protein antigen 
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for each of said pathogens, and b) DNA encoding a 
regulated mycobacterial promoter region in such a 
-anner that expression of the DNA of interest is 
under the control of the regulated mycobacterial 
promoter region. 

A recombinant mycobacterium of Claim 21. wherein the 
DNA of interest encodes at least one protein antigen 
selected from the group consisting of: 
a) antigens selected from the group consisting of 

1. ^^i^S^^S£iHS_le£rae_antigens; 

2 . M^cobac ter ium_tuberculosi^ antigens ; 

3. malaria sporozoites; 
^. nalaria merozoites; 
5. diphtheria toxoid; 

6- tetanus toxoids; 

7. Leishmania antigens; 

8. Salmonella antigens; 

9. M2£obacterium_africanum antigens; 

10. M2cobacterium_intracellulare antigens; 

11. MZcobacterium^avjAim antigens; 

12. Treponema antigens; 

13. Pertussis antigens; 

14. Herpes virus antigens ; 

15. Measles virus antigens; 

16. Mumps virus antigens; 

17. Shigella antigens; 

18. Neisseria antigens; 

19. Borrelia antigens; 

20. rabies antigens; 

21. polio virus antigens; 

22. Human. immunodeficiency virus antigens- 

23. Simian immunodeficiency virus antigeni; 
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24. snake venom antigens; 

25. insect venom antigens; and 

26. vibrio cholera 
steroid enzymes; 
interleukins 1 through 7; 
tumor necrosis factor a and ^; 
interferon a, ^ and 7; and 

reporter molecules selected from the group 
consisting of luciferase; ^ - galactos idaise ; ^ 
glucuronidase and catechol dehydrogenase. 
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